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(54) SUBSTRATE COOLING APPARATUS, 

CHEMICAL VAPOR REACTION APPARATUS 
AND SUBSTRATE TEMPERATURE CONTROL 
METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To produce a 
comparatively uniform temperature distribution in the 
overall substrate and control the temperature of the 
substrate by providing a substrate contact disk having a 
gas inlet groove for supplying a gas into a cavity and a 
cooling disk, in thermal contact with the substrate contact 
disk, having a groove for passing a coolant 

SOLUTION: A ceramic substrate contact disk (ceramic 
disk) 52 is connected to a metal support disk 56 
connected to a metal cooling disk 60. A wafer is attached 
to the exposed surface of the ceramic disk 52. The 
exposed surface is a heat transmitting surface of a 
substrate cooling apparatus. The metal cooling disk 60 is 
cooled by contact with cooling water. The ceramic disk 
52 has at least one gas inlet orifice for supplying a gas 
into a cavity. Further, the cooling disk 60 is thermally 
connected to the ceramic disk 52 and the support disk 
56, and has a groove 106 for passing the coolant This 
produces a comparatively uniform temperature 
distribution in the overall substrate, and controls the 
temperature of the substrate. 
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(57) [BJft] 

[0119] »*^*^©H:««)i&— ttiftft^S:** 

(52) t^ot, mm 

\cWnhM^m\^tzM^ (7 8) ^r^tr-r^SrJg 

rt-t-«pa» (7 4' ) mmm (72' ) ^ 

&itiL>tz&ft<Dmm (78' ) kmm&*<Dmmffit& 

«faPI-spffi±l2:R^btbfc««©iaSB (7 2) £2r# 

(5 6) «rlBaS»j»«teJ»WJ;:SM»SnT 

i^Stirfcfc:, #W«£«i-fcfc<Z>SI (10 6) 
5#*P« (6 0) h*^~fZ> 0 





1 

4: 4: t^«fiB«»aJ4>^K(t?>ixfcttiE^ab 
fc»#<Z)*ffi t H&E3-* coS^B 4: jWRtoH— ¥ffi_fcfc 

4:^5 

im&m 2 ] < i 1 o<z>iKrE&K«flk& 4: , 

SftE#2« 4: |c«t 9 ft»t fe-Kfc^JW^Kfcfrr £ - 4: 

2 l£fi*<z>«H«, 
OJS4:, 

<£>fg 1 <Dt/-/is$:m^-rz> r 4: ^#^4r-r^fg*«4 
i£E*fcz>S*o 

e ] fifties i cojiwssw*^— ^ b <om 

«TE4>fc< 4r^loc^^^A l 9 n»rt 
ttSfcfc<©«*tf>#/i' b SrlEfciW-f-S - 4: £r4#m4:-r£ 

s ] afrie^/w b <d&* (^bw/y^ 
r7-/v-r^v^^r*5i9. fltrlE5:«p»4:fltflE»«»« 

Bo 

[»*Bl 0] WEttS*^ 8tTE^fftttt4:iltr 

mxwm<D t <om t-EB s tux ^ £ r ^ i -r s n 
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2 

1 2 ] iitrKDgasas. stfE^ffeffi^ffiWo 

E«<£>SBo 

3] mmmmm<Dmm 1st* mtz 
[§s*« i 4 ] rne^ft < 1 t i o<d#*a 9 p* 

10 LTi/^i 4r£#ff&4:-r£fS*^l 3 l-E*<^Bo 

^S£4:&W*4:-r£S(l##l 3 fcE«0>SS«o 
[IS** 1 6 ] Hufe^ife^^ iuE'>& < 4: t> 1 

[»*gl7] iuE^^Eft^ 0. 2mm^fe 
2. 0mmcD^H<£>$!£ 4r . 0. 5mm^&2. 5 mm 
20 OlSH^SiSr^firfSr 4:S:W1»4:-r5»#JSl 6 fc:E 

*£>S£Bo 

bi** i 7 Kmm<Dm&<> 

^/j^AD rsK- b^fe«rEBICfcf»*-x?jSaEi-S»l^ 
«»0^4r. «rEHCfc*^6«fEai«0^-x»Ey > 

30 BaEJB2<D*»<©flt<7>«»^, ffiE» l <Z>*»©« 
^^V^r 4r^r#®:4:-rSfg**l 6 (^E«c^S 

SBE*i<o**<oj»^6*«>»^&*9, tuE^2(D« 
»^»*S8*^»^fe*9. SuE^l^«^«4:mfE 

{cEic^SBo 

40 [»*3g2l] fl9E^^5>Eflt^> ffiUJf^X*) P 

a** 1 6 ^E«^««o 

2 2 ] ME£K^SS^. < 4r 6 
fl©lttE^»Eflt«:*t"^4:S:W»4:i-SB»**2 1 

[IS*JS2 3 ] ME^K^AttK^. < 4r 1 1 
2«<DmE^»E»*^Si4:fc«F«4:-r5ai** 

2 2 dE*ctf>£§B 0 

2 4 1 mm^^mm^nm^m^^ 

50 -Ti: 5 l£EK£*LTi^ r 4: ^#m4:i-£fi*JS 1 6 in 




3 

fcE*W>«fto 

[Ht*« 2 7 ] IfflE&KStttt**, <Hlo 

<d mmm^mmm^ wtmm& * a 5t -t* s ^ «« * je 

^•rs»«^««sr=rrsr kzwrnk-rsm^mz 7 

2 9 ] mis^ft <hi o^asa* 1 5 // 

2 7 \cmm<omm<> 

im&m 3 0 J «FiaStR«:S(rES*R«tt«E^Bt 9 w 

oBffi^attStLfcKBEjgSrM^-rs - k &¥fWtk~t 
618**2 7fcE*W>§£«o 

[ts*« 3 1 ] airia^ft <hi o<^««^a«£* 

*LfeRF««S:!E(2i#-rsr i:Sr«f*i:-rS»3ft«2 7 

32] RFist, mmmmmmm t mm 

«LfiBRF«jSdSfltfia^*< ti>i o<ommtW59s,4tmu 
7 icia«<7)^Bo 

[»*«3 3] fuE*^X^te^<^£^4 0 p 
E*^5SBo 

[fs*gc 3 4 ] utrEJSJftSiw^a bfc««©«irE* 

0. 1 mm*«T^5r <h^#att5l»Ml 

3 5 ] ffimmmmzmw hfht^m x^tzM 

# i" -5 J: 5 W IS S tt T V ^ 6 £ t S: 4# « k i~ 5 R * Jg 1 
i^EfcCDSfio 

[I*** 3 6 ] iuE^£>&#> feixfcft * 3*. #a 3 . 
OMmi^T^a^ (Ra) i: Lr^^tSi^rv^Sil 
t £4$® <t ^IS** 3 5 ME#<z>3£Ro 

[fit** 3 7 ] R„i&S R a (O 2 0 0 

%^k&¥fmkirz>m^3 6{z.tm<omm 0 

[ft** 3 8 ] «rK«»aW-Ktt fcHfc^ttjaWiiir 
E^ffico^ i k MfES&feffi£>* i^7^A4t)^ 

[«*«3 9] f***i ^B*SttfcfflK?&aiKII 
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4 

8frEfi«<Z>*ffij&s. WE35WbfcflfrE*«i:. BuEStt 

[fS**4 0] WE^dS. tK^, — £ 

£r <h£4#|§Gi<>:t-6fit**3 9^E«60m-&^S^ 
10 *P3£B 0 

[ft** 4 l] fuE^ \?7"~<tH<DffimJf*<Dj±j3 

E*e<^»^;fe^S«#*PlS«o 
[St**4 2] «TE«E^. S(fE«S»ai«fll<o^ 

*<Dfcti\c£<>xmmtSft%^k*%fWtk1r&m#m3 

9 {^E«<o«a^^s«?&ai»»o 

2 o %^m<om\iwimmmn^<> xm& zn&^k* 

20 4#m i i~ -5 IS* * 4 2 J^E«c«>»'&*>*S«? ( &*P36llo 

t$frkmmmmmk<Dm£&^ nt-mmm^mmmkmm 

3 9 ^E*c?>ffl^^^S«^ai^Bo 
[8***4 5] SWB*ft< ^ tio©^A9 nff 

StrEffi**J»^/^^ HuEJE^ir t Kmtft * = 
30 ybP-7i^r5(-f U 

19. «TE«*K:jS«PUr«fE^ft< <b lo^A9 
q»rt^mEffi*Sr^feft^&^«^«»"rs«#Sr 
BftEff^7S«J^V^i^6r i:«:«F»t-r-58S**3 9 
fcE«©»-&t>**«»*PKIlo 
[fB**4 6] «EfE^*< tt)lo©^A9 P» 

BuE»«^ma^m-r 5 it tixomsstt >^ k , 

40 y — 7 k&Wfc#L>, 

huE =» v h p - 9 ^ fltfEMS^fe ^ 5> ^ff ^-S: S: ttffit 
>9 S S(rEffi^/£*brfl(fEK«^mffi*^«)«:«)e>fe 
«^{ft»r5fc*©«^*«fEBE^*J«^/^^ 
^^i|#m^i~5f»**3 9 ^E«©a-&fc*3HR»*p* 

Bo 

[§S**4 7] S^ir^i:. fS**Sl^E*c£ 
n^StEftiPaSKtSr^rU B9ES«»*P36H3a s mfES 

50 [»*B4 8i mm^m^Rj^ms^K {tmmm 




5 

[ «** 49] rfy ^it^mmmm^ h & s - 1 

t SrW«i-t-*»**4 7 fcE*<offc^«RJS3StEo 
[ft** 5 1] ^3/^aiy^^36tt^e>*S- 

k £4$£fct-r3fi**4 7 fcE*8offc^ftRjS36R 0 
[ft** 5 2 ] *tiBft3gFSK*> & « r 4: S:4*« t 

-rsfit**4 7 i^isttoft^^R^eo 
[ft** 5 3 ] mm%}3$ms:x*&o 

*>s**^R»a»i. #*A9 u#-vb*m-rz>, 

Sr#-rs±E«r«*.fe-fe7 ^ s>^»t. 
5— t. 

t, 

[it** 5 4] wsfcrn^^-* hfrtbft&m<om 

**5 3(^G«^)£K^S1. 

[ft** 5 5 ] fl&eW*^— * h ^ & ft 5 8MB* 1 

p»rt©Ks«>ai*^&«si-rs* 2 y ^ t 

in^5it&«*t^5»#*5 4 ^sS«c^K«^iP 
3£fi 0 

[if** 5 6 ] ffifaBA««^S:»«S:fl(flB-fe 9 ^ y 

Sr»«t-rs 89**5 3 fciE*fc<£>£«?&ai*«o 
[ft** 5 7] flfi|E^hco#^^^-br^^ p y > 
^!7lyv'^36Sfflv^fcJ^T*5 9, fuE^KK^f^t itu 

*«M4)&Sft« $ ttr v > £ i 4: *«=® k1rZ> ft** 5 6 
E«og«?££P=£Bo 
[ft** 5 8] fuE^Wbfcgi^y l/tf<Dfo\%^y 
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6 

ist** 5 9 1 «rE+*»##. mJE;#* a 9 p # 
- h^^HutB^co^^^gfiy v^*t?saEi-5**^ 

^»E*fcH^=frt-5r i «r Watt 5 Sin 

its** 6 o ] ffimma vftmvt y ^<z>*ffi3&* , 

5>ftft v— /^Sr?(?dc-rs £ 5 fcKW£ix-a^5 £ t 
10 fg:i-r3ft**5 3 |nEf^3££«tt£PB« 

[ft**e 1 ] *«»sng«-t*a>oT. 
*oja»»»^»oT3E*E-r5^i«bfcanfey >-^t, 

£^5Jiffi£iI;tfc-fer^ s^»t, 
WEft*li«4:mE*JRSa©^«P»t Sriio-CfflE^A 

[ts**6 2] «rE»*P»as. strE^9 5y^«<© 
iESB v \f h b < tiiS<5 (t in i o x 9 ft Jt 

30 *P^g 0 

[IS** 6 3] HuE^iP^^rmfEiry * v?$&(Dm 
EKB^-KI3f^^^Sfc«>i^:fflv^e>i^■rv^s«■J|s^^^ WE 
»*P*tSffE-fe7^ ^^«©#^<o»»ft»K#tt(^ll 

^#mt-r^it**6 2(cGiosfift0si, 

J; o TSuE-fe 9^^^ S<oStfE*ffi «9 tttt ^> ttT v n 

t^#^t-r^>lt**6 2inE*<o36B 0 
[fS**6 5] SfflBJftStiS, ffiE&JR«<Z>;£«P«fc 

#®t-t-ai***6 l (n^ai3S@o 
5 i^EttcoiSBo 

[IS** 6 7 ] SffE^ tr^ SrWE^aSBSrBt 
k, 

«pmf:^i2^o y ^ t ^rMi-w-r^ it** 

50 mt-r5fS**6 6 {^E«03fitt 0 




7 

Si. 

[fit*® 6 9] mfES«Stt^^»aii-Silg^M 

[0 0 0 1 ] 
[0 0 0 2] 

[0 0 0 3] ^V-i^^T (Lanont, J 
r. ) \Z£Z>%:mmt4 9 7 4 3, 5 7 0»f(: 
fS, SMS S *Lfc»»l*j K*3 ft 5 9 * 9 ^ 

*k v ^^tmmi/>? t<om<o^m\^m 1 o o ^ ma> 

6 1 0 0 0 n m<DBztKDJfXffi$$A&ih%>o ZL<D&&t* 
{S/E^ffll-jSLTl^;^ 5 0WfcU< fi-t*!/ 

JWT^iBv^vA^K^fc: J: o T 9 ^s^&T&8tlzto1&£tiZ> 

[0 0 0 4] ftj5T?«. »«^*S>^ (ESCiPfi) 
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8 

Sti^>o !>^6 f*i»3ft« 4 J: oTKfii 2 Six 

£*b£ 0 ilO»«^tt!?^6S:tt«»4t^ 
?ftSi7Ki- <fc o T#£P * 4 {-mm- J: £H*W23I 

[000 5] Hll^SiX&ESCIt ^rc/N6£(7) 
W"C««C»*««cdS?g* E S C T?S> 5 0 

^y^yr(Brigiia) t-££*[i#rFfg4, 1 

8 4, 1 8 8f^af[:i/^$^TV^j; 5*BMSS!£> 
ESCtlt SlV^fa^V^oT^^ 5*t~<5 <£ 5 ^BUtt 

[0 0 0 6] rcOESCfi, ESC^St!>x/^g 

[0 0 0 7] 
[0 0 0 8] 

^*p^tt (wcd) ^3Sigg+{^. mm. 

[0 0 0 9] WCDJt »?3i^Sgti9ft(te>ix5*!ie3S 

[0010] tK^, — y r/w=f^ t>u< ti^a 

[00 11] WCDIt SE(-. AJRfi!^»*Ptt^JKl«S 

50 *ffi{cistt)f*Jte>tt"c*3 9, ^co^aj^^fcffitiwcD 




9 

[0 0 12] *>-5Hltffil"ef±. #*#BM*f*=£^<zv* 
|pj tt T * It <fc i^M^-T 5*5i-Rtte>*tTv^ 0 je m 

^ — ^ e> # \z.m&~t z> x 5 ^r # htix 

[0 0 13] r*L&£:Ttf>^ft«-m. lotl<f« 

m<vmm&^7^ *y?8&mzmwbtix\<^o dc (i 

[0 0 14] 

[*W^>^J6^J^ffi] *WRtt, 1 9 9 2^11^40 

iz.ttim£titzxm&w?ttimf&o 7/9 7 1, 3 6 3t 

(1 9 9 4f9^13 0[I#4^fc*I#fl : $5 ) 3 

4 6, 5 7 8t) t^mm<om9cm<ommt^ntzp¥i 

02, e 4 1 ^Kaii-smK-efcSo 

[0015] B2u:it *mw\-m-3< v^s^ft&mm 

(KTWCDilf^) 4 8 <£##P£4«L|g)&S* £ti/0^ 
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S^^JSK^aiM 60 k £r^afro 1 5 

[0 0 16] Oy 5&tf5 9 Ji, ^^«5 

2 i^M!£j«fi5 6 t©B©^«r»*U 

CO^Vi/^ 9 4 9 (^(7>»fffiEI^(i|4ic:^$^T 

V^ c I1S^2^I5 4W5 8|^ jRfc£3t 
-X hfabfj:*) , TOmega Engineer 
i ng, Inc. J dSfijgbi/hSSp^ TOMEGATH 
ERM 2 0 1J ^fflV^^TV^^, ffiS^>lRl«*fft 

[0017] 15 2, 5 4, 5 6, 5 8 &I56 0 <D$5 X 
*®(Bli, 6. 7 0 mm, 0. 13 mm, 6. 3 

20 5 mm, 0. 13mm, W3. 18mmtW 0 

[0018] ±7^y?ffi.52\^ m9 0%(DmitT/U 

^F3lf ft (Tape casting method) 4: 
JBV^T TTo t oj , TNGKJ , r F u j its 
uj , AT* TKy o c e r a j a^fiffiflg^StbTl^ 

-o-vm&m^^xmf&ztix^^&o dc«be«, 200 

^^t°^2 8^v^Ttt^^c:SI*P^t^T^ 1 9, ^^£r 

30 2tt*fc, 3ocOHflg|5 5 2 ( y :7 b tTV«:JRSt* Sfcfe 
<£>) *#-f-5c "fe^ 3>^»5 2^»at*jfeat/-fe7^ 

[0019] ±m^ntmm<D^—>^ntz.mm^ 

Mf&rf&jf&te. ^J^J7 (Br igl ia) id J; 5 

*H#fFm4, 18 4, i 8 s^mmmm^^tix^^ 

[0 0 2 0] mmiZJ&ZX, RFSWiT7^^^t5 
40 2rt^ti^IKSS5 6 M?t 
t^, WCD (ClK 9 ^tbfe ^ ^^n^^j (tr-f 

it°y2 8^rffiV^Tir^5: s^«5 2rt<Z>«8i^«*&§ 
tu-5o ^lI^$^^rv^^ < }: 5(-, 2o«tfy3 0^ 

[0 0 2 1 ] i?^ ^ s^^«5 2«, 4feJRK3t«P«5 6^r 
JTiii"5 6*©^h 2 4 lclJ;or^«SS5:«P«5 6 d 
50 Bl?) Wtf e>ttT*3 9 , 6$i<D7$/U h 2 4 ti, ±7% 




11 

£ o h 2 4 |;il4!7 y 2 O i ^/D y^!7 ^ V 

+ 2 2 irasfljv^fr-cv^o ^/y^r;^>t2 2 

S6*^)^h2 6^ffl^T, ilfi^f 5 6rt(^ 
* fi tz. SBB "e* h t d J; o T Bt 9 \ t *t T *5 9 , 

[0 0 2 2] 4feJR«ft*P«6 0^ffiHdSH3^«**V 

1 0 2 tfflp 1 0 4 k&ffiX.tctit&&mntl 0 6^rtt 
<5 0 ffiffl*^ ifcaijjcasAn l 0 2a»*>«EAU ^*PtK 

muti o 1 0 4^f)iait6 o 

[0 02 3] 04 ft WC D 4 8 9 tttt &*tfc^-^ 

^ M 0 0^WWfffiHt?fcSo H^**tTV^S J; 5 
ftiP*fc*» 1 1 0 2 ' ^IoTAP10 2^ 

m&zti, m 2 <z>#ai7Mff 1 0 4 ' aotapio4 

fc^TtrfctfuSo ^APf 1 iot^»^^^t 
^iffv^^^An'ff l l O^Kii^^Sfdfe^P 

[0024] H5lt WCD48 <D— gR^fi'JBf® 
&>£ 0 r>x/N6 2^ n -£7^ y^«5 2^Bt!9f+^e> 

i^£J;5t-> WC D 4 8 (^SiSffi 8 2 o-SStt* /ufc*?g 

S8 2©^|iitfc*ffiWeWCD4 8tgttt5« t£ 
oT, ?x/NiWCD<b^PI©SIS6 8^\ V^s^kW 

[0 0 2 5] H6lt !)x^i:WCD^W5 0O 
^fflLfeScffitDloCDli^BfaSia (H5<£>6 4) S:*L 
rv^So H6(Ji**nTV^SJ:5^ !>x/Ni:WCDi 
0^#®5 0{ii*5VvT\ !>x/N6 2Ogtt®8 0i-ir7 
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* ^ s>^«5 2(Z>»ttffi8 2 £te^£^fcm&fb£*b-^ 
&l/^T% 2 k^V% y?9SL5 2 k<Dm<D»P 

[0 02 6] WCD48H 9 6 2 ^feadSfrfctt 

£*b£ 0 rcOA^ftf^ B5t£*3V^Q i nklsXm 
10 £*LT1^5o A*Jfc*Q i nfc£. ^xa6 2^^161 
SKl-feo T x/n t WC D (b 5 0 £ift 

9. 3^«5 2 »l<Oj»W*«tt-<— ^ 

M54<f:, &««$:8F*5 6i, »2<^»M*«tt'< 

M5 8 *«i^*K»ai«6 0*ria 

5 0 i (Qout<l: bT&^£tbT^£) f£3[g|£r 

^MK^S^WS ^SPtK t^o T^rH 

[00 2 7] H5^(t f)xA<!:WCDi^#E5 0 
20 *iBSj»e»<0 2o03fe*ftKdS**ixTV^So igi<£> 

xA^WCD^fS5 Ofcl*3#SS&MB8 0W8 2 
[0 0 2 8] r.^fe2o<^J»eW©jKKJ*KT«-a»J«^ 

8 2 t<Drm^mm^mm^^^^m^j:^^^t 

WCD^|&4^iLTV^S 0 ?x^iWCD©»ff 
#V\> BP*>. £:CN£WCD£>«E#ffi5 0 (07) «ril 

[0 0 2 9] H7^0!|^*Hfc»>3i^iWCDJH.S£fl£O 
[0 0 3 0] 
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(8) 


• 

14 






[W/M 2 -K] 


1 


do h;l/«^\U^^) 


h 1 = 2 7 5 


2 


il^*y£§£5 2 
( 6 . 7 mm) 


h 2 = 2 5 00 


3 


CO. 1 3mm) 


h 3 = 1 8 1 1 0 


4 


£#»5 6 
(6. 3 SmnKDTfr^^OLs) 


h 4 = 3 6 2 2 0 


5 




h 5=1 8 1 1 0 


6 


(3. 18mm«$i) 


h 6 = 3 9 3 7 0 






h 0 = 2 3 8 



9-232415 



[0 0 3 1] &zM<Dm ( i ) <D*MS;m&m±&LT<Dtt 
[0 0 3 2] Qi^h iXAiXATi (1) 

r.r-eQ i f*e^*Jxfc«l-e*>«9> h i tt*WSit«R-e 
fco. a i &fcm£fttif&<DmmL,fc.mmx*&>*), at 

h 0= ( (1/h 1) + (1/h 
h 5) 4- (1/h 6) ) - 1 (2) 

(i) T?«fe«bV\ ^«*IB. IP^>Q i n 

<DQ o u t <t^b^#tfi-ej3\ (Q i ) fc* 

h i x at i \tmmmnm^ot^^T^zf ( i > \z. 

[0 0 3 5] !>*/n6 2i&»e>4feJR«»Sl»6 0*-e<^«l 

eaiai«^»o^mK*{kd^ 2 0 0 0 v v ©A*i 

*Q i nJ2lS*LTig8^S*brv^So H8M*£;h/C 

^SJ:5t^ t 1 \z$=.^6 2 ©Steffi 8 ocoumxh 

9, T 2 I *t 7 ^ y ^ tt 5 2 OSUfcffi 8 2 <Ol|t7?fc 
9, T3lit75 ?/^ft5 2 0r)jS®CDMS-e^> t 9, T4 
t*T/^:=9Aiyfc«pa£5 6<D±m<DM&X*&>*) , T5 

ii7^^ = ?A8ifttt5 e^lffioiia-efc!), T6 
te*»»<£>#*P« 6 0 ©±ffi<^ia«-e* 5 , T 7 teJCSfc 

[0 0 3 6] H 8 f*. SBS 6 8 -V<DWLg[&ito 2 8 5 

82 3 0^^-^^1X1/^0 ^*©i&SP>T 

(T7-T1) M2 6 0 ( C<!:^otV^ 0 ^ot, 8 

8 8%^iSHT^a6 s^vv-c^crv^o 

[00 3 7] * 1 i^£*LT^5 <fc 5 ^fejiS^t- 
fOo /hi t>iv«mi: h « !)x/n ^ wc D <!: ©h' v 

^^^-^5 0^»ttSj»eSI«tR2 5 7W/M2-K 



[0033] £L»<Dm&mm»h o (^t^im^) 

[0 0 3 4] 

2) + (l/h3) + (l/h4) + (1/ * 

^Xfc5o ^^^*>9{SV^eai«lC^ [EISCOTl^T 
ffi80i82 i:©ra<D93i^i:WCD<7>*#iB5 0O^ 

[0 0 3 8] ^^<i:WCDOS#B5 0 
3OC0»f^ffi«^ (1) mffiM&, (2) g^^iFtT 

At^ (3) m&mmxtb&o mmmmx&, m 
fcm&mn^Me o<Dmktfx<D&Mmm<Dmmxh 

[0 0 3 9] ^^<D»ritdS^kbftVN»^ 0S;Ui^y 
^50 ^B6 6 8^«dSj»e»«»S:»J»U a*^frS*« 
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[O 0 4 0] H9lt ^R&6 8<Z>*Is3S5, 10, 2 0, 
5 0, 0 0 /x mW, **^^^««^f^ff*i^ 

^JGE^O^^ 13^ Vs^A? (O^fe 1 0 b/M£> 

gflO^EEAasjfo 100^ V s<—A> (7 8 Y/v) 
±X^(0mWM^tVXhbt>tlX^^ 0 ^h<D2^> 
<Dm$Z<OfflX\ W*>tfX&*l&1fo 13Wl00^1)/< 
— (10^b7 8 W £><6BT\ &=fc> 
*bT^S 0 

[0041] g|9{^^tbrv^ t t 

mm» \zmm#*}£j3 *mm~r& ^ti^xoxmrn^t^ 
s 0 mma*. ^x/^ig^ifiaot, 

SrUfflS-f-S - 1 1- £ o "C©J« $ ix S £ £ a* ^ £> $ *i, 

2<©a«Sr»Jfflii-5o EP*>. ^I0^f)2 0b;we» 

[00 4 2] m 2 3 fi. MMJf^fcti&Mmir&tztbCD 
iS)5*SSr*Lfc^n s/^HT*>5o 0 4 t£0J^ S *x*: 
^APf 1 1 OfcHSS^APfl 1 Of*. WCD 
{c:BB*i-S^iK*©^AP#l 1 0rtT?tft*p*ixS 

— h x<DMM^f ^mtj tm^m^\ 4ow 
MPf i i 0fcga*£ixTv^ o 4 0fiMi 

So 

[0043] ^y^-?l 2 4^APf 1 1 Oizm 
«»i2i»ttSix-C*5 9. ^APf 1 1 O^ff^trSiJ^ 

fl^ls yv — y 1 2 8(dttl*i-So ff^J^Vhn- 91 
2 81*. JEE^J«0»^^^ 1 2 0^«ft«J{2:ffi«SixT*5 
9. 1 2 4^J;oTSI3ES*xfcffi*^lSCT 

J£*»JiW^/^l 2 0£flfflrrSo ffi^j*J1W^/^l 2 
OWu »?A*^0^««&jR^ffitt*ixfc^f^PJ(& 

[0044] ^ybP-7l28li, 09x.fi 1 o h/K£> 

-e/ — 9 1 2 4i^J:orSiJ^^tvfci^^AP i ffl 
l 0ft<Df±£}&mfefr£}£lT^ ffil^itf l 0 h/WUT 




^Fi¥9- 2 3 2 4 1 5 
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ntLidi: 9 , ^APf l l 0<Z)JBE*dSR^£E^Jc:a-r 

s£-e*i;bn-rSo vy^^i2 4iaot» 

^f^APf 1 1 0rttf>JE;fj3&s. R^ffi^fiJLhfciJi 

9, i i o(z>j£*dSK*ffi*^*rs*-e« 

10 [0 0 4 5] v/^-^ 12 4 128i 

{cm^^mm^ti±mm 1 2 6it vy^^i2 

4x ^yFn-7 12 8, WHMi^l2 0?r 

[004 6] JE^ftOai^W^ 120 fufcfc, TU n i t 
InstrunentsJ *S»5fi Lfc^rVu* C 1 1 - 
5 5 7 1 g^V^jft/^S^. ftfe^P^^SJP^/V^ 
3&Sfl!V^;lxTfcftV\, ^ybP-7l2 8Wj:, TUn 
it InstrunentsJ j&jg Lfc^-TVl^ U 
RS- 2 0 P^JBv^2xTV^S^ Mi^^yhP 

20 — 9a s ^<b*vrt>&v\ $ i 2 4tm, tt 

ylan Generalj ^©^L*:^ A-# CML 
A- 2 15 0 6^fflV^;fr-0>S;^ ffi<£>|p|Eg>&^y ;* 

— #&m^bfrXt>&\f\ 

[0 0 4 7] K/W^/^ftif^&JfcS^/^l 3 4 

ttU — ^^^^y/i 3 ei^SEiXj&tpJ: 
t)OTfc-5o rjx^j;9, £E*»J»^/^l 2 0^»f 
S^WftlB^^fr^W^SixSo l 3 te&timm 

✓Vi-:/ 12 0 SrSEax5^^^iEyj«iJ«l^/^ 12 0 

30 «E*|c:5ftv>ffl[i:*SJ; 5i-KS*lx"C*30, IP 

[0 0 4 8] feS#^^^^coMS^r^^Sfc*6 
(d s if©E^^a v h l 2 8l;:J;otR£ 

So flEr^^^X-ibix^^nir^^^fLr, ^7^7^/ 

^^ : @BiBi^^^bTV^So /^^T^t 1 ^^ 
"T-5fc«>i2:tt, K*ffi*3W*l«>fl[|2:K3eSix. 

40 <otaft^«ssix*o acfcK3ejBE*tt*2<o«^R3es 
ix, ^^^coMStiso^ay^^^So ^^Raiae^jR 

[0 0 4 9] ft*>9^, ^^^^Mft^ESai^Six 

ix. *fcf*a*#^^<»feHfcffi*5i*ixfc1>l-<« 
attS!<^>IR«*t«^fflv^rjBl5eSjx-5o 
yf 138 (B2 3) t-i:oT^tti$tvSo 
1 3 8^^^^<^MS^r^t~{f "§*^r^ V h p — 9 12 8 
50 Mi£ >9 , ny^-7128 «flE^*«W^^/l'^ 12 0 — 
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^/K/l 2 O i^LT^«t«7>f VI;: J: 9 #< 
t>ffi1/M»£\ nvhn-^l 2 8 ttffi^fM^A^ 1 2 

^£^*is r <t (aoTiiij^^»>H5 0 r 

[0 0 5 0] _Lj££ t^ltv^s J; 5 H7t^«*SiX 
tit. S»»fi»K:J;oTfsas*bS**t>iBfti-r*o iff 

t ms* 9 . &mb 8 o (Dwmzmm tth s 

[00 5 1] mfikffi 80i82i ©BflofflSM*»«<£> 

<Df7 % y?&5 2 0gM8 2<Z>JtffiH*:*bTV 1 > 
So Hllalfe H 1 0 a C^gfS^ 7 6 <Dfc*:JiBHT£> 
S 0 gllblt HI 1 a^iA-A' \Z&otc&&7 
6<DMffimXfoZ><> H 1 0 a I^J^tbTV^S <fc 5 fc, 

[0 0 5 2] 5«<7)R^#7 2<^±BH<t*iiSrBH 
#\ mil aSffl 1 bMgg^tVC^So HI 1 

b^b^SJ;?^ W^72figiffi82^ 

aiLfc^pg7 2 / *r*b-c*5 9, #n?^95^a:«iD« 

s^^«5 2t^ffi9#fj-?>*Life9 3i^ (H^£ 
tvrv^v^) f£ N ^fflb*:H7#JH5$*7 2 <7>*ffi 7 2' M 
JBotWt7 ^ y^«5 2 tfttttSo SP^. SfefeB 

£*vr^s 0 »B8 2^g(D 

^J8 0%frh 9 8%»*$Wr £2*3* bV\> Hi 
2 a i-^^^^H^jr^i, %ttB8 2<Z>t£*ffiSW> 

jB8o%o«^ N 4k*asai©#?j i o %<^ffi«*e»o 

V^ 0 H 1 0 a &t^H 1 1 a lilW^SftT-LffiB-CtePJ 
M%9t7 2teH^<^R*WbT^£;&S, n»5)7 2 




4#M^9 — 2 3 2 4 1 5 
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[0053] jg^B 82Hot ©raoja»w*»*^ 

B 8 2 ^rffiffifb-TS - i -e#>S 0 ^fefeB 8 2 Srfiffiffcl- 
^riia^ ^80^82^^^!^ 

10 [00 5 4] il 2(t «*c0WCDfc:fctt5*BO& 

i»e3i«»o*{b«:*b-cv^ 0 ftjRA&t^Bt. 

CWD^WCDfc 0. OSjtmRat. 0. 

3 5/imRa(Z)t^tt§g»® (8 2) "Tfe^. r 
^iimRai^ ^®^«E^fT^^S®^^CO 

BOTCD^ilSa (8 2) W\ HlOaWI/^^tl^ 
S«B8 2 <b^b< , ^gi!8 2^ffit(O9 0 
%2**T bTffiK^Ktt £>*VT^S 0 
20 [0 0 5 5] Hi 2 (7)^A(aoti^f:Wia 

^82^0. 0 5 m mR a J^TWI^tlTV^I^ 

^i® 6 8p^^jaE^j i o h/w^v *}^2f*fctt-f-& 

te^lj^^^ >Xk bTfg)£, ^ff-O^^^^ 

^ttSiftjRa^^^i-^orXiaSixtv^o gp 

[0 0 5 6] Hi 2<z>ftJ6D^*§n , rv^5 J: IS 
^<<£>gP5> (9 0%) SrB^U ^o»«|i:S4t5i8 
So £OJ; »20-50W/M2-Kl 

f**<*9, !?^^rtT?*^bfcfRl»±^^HSriibr 

So 

[0 0 5 7] Bl2©l»Bm !>x/N(Z)gffi©fi^ 
^Ctg)6 0 — 100 OW/M2-K«>(5ffl-t?|E{l2i- 
-SJReiSffiiR^, S^e^^^^S^Bco^)9 0% 
^^^n7h^^t>#^tbTV^S 0 ftiCTIi, 
50 -/^^B^ftS^lSCTJKlS 0 — 2 7 5W/M2~K^) 
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aft stifc»^©fiai©»^iiftr t>K**s&6*Ms* 

[0 0 5 8] jifljf, WCDOgttffift ^^CD^ffiGD 
SJ:5i-fiffiftSix5^i:^a*LV\ Ed, Rmax 

bT<^5 0 «x.fi, ft§36S3. 0//mR 
a<E>»g\ Rmaxte6. 0 /* m,£/.T t £ *tS^# T*fc 

ffiSrfcT— 1^7* b (bead blasting) (ii J: o T&! ^ ^^i-f- 
fcifi ffifls £ tbft ttixfcEft ft v \ 
[0 0 5 9] »j»|c##-rs*aB©*:»»*:lft*L.*:« 
fcl, EI 1 0 a {Z-TF&ifrtz.BM'S* — VfclJ:oT\ 

[0 0 6 0] H7gffl55WS£;fc, # */^A£;ft,>5 
6 2 <^ir^ y?M5 2 t <Dmizti3—ft&mt:Mf8,~t 
6 0 IK l l b (OT^titv^ J; 5 t-. £0>agBttf>l6«:. 

£frTV^EE;fc<D«KHl*a (0^2 0 W T^, RJg 
Sf|5»<Z>S5SHdS:4 0 /zm*«(C§or H^K, 
»*L<tt2 0-3 5i* m(7)®H{C»or i: dSJ»fi»«F 

HdO^ift R£S*ifctt©±l 0%rt^$tb5-^# 

as, r rr-^BE^ i o yjv (13 5: y^— /w) r% 

S^il^D^2 0, 5 0, 1 00/zmWCDI^L 
81 7 0 0, 1 3 0 0, 9 0 0W/M2-K 

[0 0 6 1 ] HI 1 3f£, nfS^fl^Hd^2 0/zm 




WW 5 ? 9 - 2 3 2 4 1 5 
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[0 0 6 2] 013 t^^SiXfc^flc<0«vea«»tt. H 

tt¥*R«fc*t- * n t <DX% ftv ^^tr^^ef 

— v'aVfiMBt (accommodation) t&fejh/O^SKIIIfc 
fc, 0 9^$tb/c<fc^ffll^ft^^^bTlEll 3 

io [oo63] ^^^©ms^aEftttfttaas^SK** 

3 7h ««^^JBE^4:i9— ^fcft Wix« ft b ft 

^mm&n < ft 9 . K^^js^^i^v^^i^T 

[0 0 6 4] H14I1 MMJS ^frtlO^itft ?^^) 

MSWT-r6%<£>-e£>£o Bl4fcJu 2 0 00W^)i 
0 Omm(DV^s^te^£fLf-h<Dk{Kfe£tLX 

TI/^ 0 y#fiL5 2te6 0^W£*L*VTV^ o ft 

ytK«i^f^ffi*<©(STd s i %<Dm&ia^ «£^~ft^ 

30 H»fflS#-m9. 9 h/W e L*>U 

r^9o% o. o h/K jajsais^-e^ 

l. o h/w) ©tt, iiMftH^£;h/r 1^5*5^ « 
7 0 0 c C^_hi:ftS o If^StbSi?^^ 

^^jE^r^l^r^i o%*^ (tf^ffl$»-ei o. o h 
IP^. *fflB^^ffi*©3E^s 1 0%J^Jti:ftSr irSrig 
40 [0 0 6 5] JSSftiJ^BE^SrfllV^Sr ir^t 

ft<ft^i, r>x^otB©^^^±#L, 

<z>M* (i%<omk) tt, ftHHO^^^i-^tts^ 

m^orfr^gp^x^MS (9 0%CO^ft) <t9t>ffiV\ 

50 [0 0 6 6] ffi^Gl;iJ:oT^£;frT^;5<£:5f-, SfflJ 
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l^S 0 ^Olftlt ^x/N^WCDM<i^iM 

£c7>r, r^»*ULTiaBSixfc!?3i^^9J5>^ s !>^ 
[0067] ^^^iR^-r^ytfei-. t7^;^85 2 

(ilOa, ilia, &t^H lib £:#f&<7> ~ <h) © 

!>x^6 2 t i?7 ^ s^«5 2 b<DfKi<Oi/—A'$: : j&&rt- 
S 0 HI 1 bjctt. St«y >-^7 8<7>^aLfc*ffi^ 
78' tR^S$#7 2<Z>gStiibfcSffiffl5#7 2' £ 
;feP— 32ffi_bfc:*>£J: 5 fcffia»*vt*5»9, *ffi7 2' ft 
t;7 8' i «;fe¥»*TJf spfflffia* co^filMte 0 . 

[0 0 6 8] ±^S*bfc<t5^WCD2fcti t «iRy 

So »«y ^^7 8^&Sffi^Sl>^^^tt(^fflJ^4: 

b * V ^ ^ t id 9 m^as ^jE» M|fi« $ *t 
»«y ^7 8i ?^^£^J:or»/*Sjix5V— 

[oo6 9] v ^s^TfjEmicmm. £ ntc r^iaot 

78^iao r ®/« $ frfc it s fc 5 

^Mv"-/^^^^c s iao-c^5 0 

[0 0 7 0] Q = C s X AP (3) 

[0 0 7 1] (C s) tt**^* 

*SB3^ J; or 3EYKt*So l o<z>BBt br, i/-^£r 

Mt^^M^a^, gp*>»«y ^^7 8^g<Dt 
st, »tt y y ^ 7 8 taittt s 6 2 ©*ffi<ot 

HJ©^ 7 t £ Z::/-/^ >^ * 

;v^?## y^fcSfefiiBtsr t^fflif£r&>£ 0 b 
^b*^e>, ««y v^7 scots (01 1 a ao«iai 1 

/SSit, ffiSrj£<-r5r ttcJ:orv— 




#1^9 - 2 3 2 4 15 
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;*as/h;*<#?K t¥or»jft»«!&sj:9ig:</j:5 0 
[0 0 7 2] tttcv'-/^ 

3 fc*<5 < wTIBft**OBE*|»T t * b < o 

iE#S 0 ^TIBft»*:OBE*|»Ttt, mm<D#x*>x&t* 

v>> t, ff^as^jto h/ut^ftstbs*^-^^ 

10 (8 2) co^ — Vfi. **<0V— /u«aa£fl^8#.5 
or»fiKStbfcSBRrti::*5JtS-fe9 S 3>^*5 2(Of^ 

y y ^ 7 8 -^^f^sn^ ^ ^ y ^) 

[0 0 7 3] rtftlB5©=i^^^^^^^ R^SP^c^iB 

^ ^Rf a^^tt 5 wc d ^*5v ^tt, iHwmmv^ 

20 v^^^>^dSiSfo&tbS 0 bd^bft^fc, _hi££*Wc: 

9»©i(5SHD«:4 0 /* m^Ti^o^ 1 #3* bV\> 

[0 0 7 4] F*9fiM<Drn ^ £^jbD 

M x #;*#5»» (BlOa, HlOb, HUa, Bl 

lb^ft74, W7 4' t brS£;h/rv^) i&SJB 
i^3xrv^s 0 Hi 0 bt^Sixrv^s J: 1 8* 

*a*fS i^^o r Kffi^r ££5l-t9:tfe>;h/rv^ 
So y?9LS 2<^tf»^fflJ5>t^*5V^r+5>*«»© 

6*O^^BB«t©^S|9;Jte>nrVN5 0 ^f^^gB^ 
tt. ««y^7 8[i^^U i^y^7 8^r 
^^^t^io r JgfiE * tt/c: /ufr h <DM&Vfcjfx 

HI 1 b t#fl8-TSi:. ^^^gfiffi7 4 N 7 4' (i4^ 
^BfBSr^TU aiSDCXUWWCSrttSo fcS^ 
^jr^, ^»7 4, 7 4' (0«WC«. mi 5 
OO/zmrfe^, SSDCtt»7 0 0/im-C*)5 o jg^ 

4. 7 4' OSWCH, ^JO. 5^5>2. 5 mm<7)^ffl 
rt{c:S>Srtdsa*b<, jKSDC^ ^J0. 
2 . 0 mmC0^mfa^&& ^ 1 36?a* bV\ 
[0 0 7 5] ^M»7 4, 7 4' (OJS*DCtt«>«r 

^nsttst, ^^^ir^ra^raw^tt^/ecr 

St, ^^^{-^fi-SRF(7>^^^igiftStbSo 5T 
50 ^^BaStrtO^^^RB^ft^ffit. ir^^^^ 



(13) 



¥fffl¥^9~ 2 3 2 4 1 5 
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[0076] 015a. 116a, 017a, @18S 
tf, 01 9aidf*, «^rftHfttCD^^»E»«r«Afc* 
^^(^teOHSfe^J^j^^tbTV^So 815alt WC 

stsr^r-rswcD^s^stt-cv^So ai6a«, »jr 
y ^7 8^»»LTBa«s*bfcio^n^^»Ba 

©n^^^»ia«^fe¥«*^rsi*^isaE"rs i 2 
ffl^ttxv^o ai5b, iai6b x nbit 

MfCl, #>5r, HI 5 a, HI 6 a. |17a i^J^^H 

[0077] il9alt $LX$m 1 9 b tt, 6 <B<Z>gfiiJ 
^AP^h8 2 (0B#.tfiitffi3. OmmHB) 

*tT*5?K 6fl©»M©;*f;*An#— h 8 2KJfx$;t& 
T, »flJ^f^EE*(Z>^kiS«^S*LS 0 Uj6>U #*A 
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ttt>«*tK wCD««<ottl»-fSJRBai:ftS. 

[0 0 7 8] ^*b5)<O^T<^llllfi«lJ:l3V^r. 0^£;h- 
f:W>(O^AP^ M*ii1?rii:#4. 7mm-efc^, 
^APf (B4©1 10) frbtfx&jjUfc&jvx^ 

So HlOa, iUaa, 016a, |17a, 121 
8. W@19am "fe^ S^«5 2rttditA£*l> 

10 So ®^9 5£9 5' ^fMRFl^J^^, ^ 

fl^tf 3 0 m m©lf * t|Tt5«i 

xftsmt*. i«y^7 8W^iaotf^ 

20 5 0 , 2 0 0, W3OOmm0ili$:tt^^x/^ 

±^§ttfc^r<7)3ijfe^itc:^v^rfflv^tbSo #t-> m 
i 5 a tmi o a Km^tstiitmMm^ 150 

mmt 2 0 0 mmOiI^(Z)^3i/>^lLTV^ 0 
[0 0 7 9] ^JWS*t5WCD^#ttdS x HlOa, HI 
15 a, Hi 7 a, Mil 8, R^i 1 9idW*S4x 

tcmmmKML^x^ «T^*2i£*£;tvci^So 

[0 0 8 0] 
[*2l 





H 


mm 


a m 




mmm 

S CCM 


mane 
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1 


19a 
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7 0 0 


9. 7 
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5 0.00 
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2 00 


1. 8 
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3 0 0 


3. 1 


4. 6 


0.6 6 
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1 5 a 


2 


7 0 0 


8. 5 


1 2. 8 


8.6 0 


5 


15a 


2 


2 0 0 0 


9. 7 


14.6 


5 0.00 


6 


17a 


2 


2 00 


1. 8 


2. 7 


0.3 3 


7 


17a 


4 


2 0 0 


3. 1 


2. 3 


0.3 3 


8 


10a 


4 


2 0 0 


4. 0 


3. 0 


0.5 0 


9 


10a 


4 


3 0 0 


7. 3 


5. 5 


2.0 0 


1 0 


10a 


2 


7 00 


9. 5 


1 4. 2 


2 6.00 


1 1 


10a 


4 


7 0 0 


9. 7 


7. 3 


2 6.00 


1 2 


1 8 
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3 0 0 


4. 3 


6. 5 


1. 10 
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1 8 
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3 0 0 


6. 0 


4. 5 


1. 10 


1 4 


1 8 
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7 0 0 


9. 1 


1 3. 5 
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10. OWK 9 ^^(DMISLW^iS^X 9 . 0^ (X 
fifJ^^ffi^f^ft^ i o%) <£>4g-^l-. -l?5*3/^»CD 

[0 0 8 2] *2l~*£;ftrC^£ J: 9 jlifcW 1 (0 
19 a) T*tt. JE^«rtflJffi^V^r^*^O^^SB5l2i 

Jj9. 7 h/t^-eo. 3 h/P*^"t-So HP*>. 

#J5. 10. 11. XtM 4m ««#*JBE;*J0>3Eft: 

te. =g-^3%. 5%. 3%. X^9%"e*>S e HJfiWl 
t£. 5 0. 0 0 S CCM ^^<D$**bbmW^k<D?& 
^MStbSv'— 4. 6SCCM^^<± 



(14) ^i¥9-2 3 2 4 1 5 
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*4*H#«#t£;h,5o 5 -ett. 5, io, 

RXfl ITU -fe^^ y^«©*ffi5 2^*3Jt5rt«B 
co^it 50. 00. 26. 00. 2 6. 0 0 S C C 

6. 14. 2. &^7. 3 SCCM£r_h[Hl>9. ffiotJ: 
[0 0 8 3] Hife^J 1 . 2 . 5 . 9 . &X$ 10 (3t 2 ) 
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